
In the 

COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

* * * * * 

Matter of: 

REQUEST BY SOUTH KENTUCKY ) 
R . E . C . C .  FOR PERMISSION TO ) CASE NO. 8536 
ADOPT A SAMPLE METER TEST PLAN ) 

O R D E R  

South Kentucky Rural Electric Cooperative ("South Kentucky") 

by letter received May 2 4 .  1982, applied for permission to insti- 

tute R sample meter testing plan for single phase electric meters 

in lieu of the periodic  meter tests required by the Commission's 

regulation 807 KAR 5:041, Section 15. South Kentucky filed its 

sample meter testing plan with i t so r ig ina l  request and filed 

additional information on August 6 ,  1982, in response to a staff 
request which was made following an on-site inspection of i t s  

meter testing facilities. 

The Public Service Commtssion, after consideration of 

the request and all evidence of record and being advised, is of 

the opinion and finds that: 

1. The Commission's regulation,807 KAR 5 : 0 4 1 ,  Section 16, 

permits a utility desiring to adopt a sample meter testing plan to 

submtt its application to the CornissfLon for approval. 

2. South Kentucky will realize significant savings in 

meter test expense If sample meter testing is adopted. The eetl- 

mated number of meters that would be tested if the existing 



periodic t e s t i n g  plan were continued i n  1983 would be 5,950 meters 

a t  total cost  of $146,905 while the estimated number of meters 

t h a t  would be t e s t e d  in  1983 i f  the sample meter t e s t ing  plan were 

adopted would be 2,890 meters a t  a total cost of $71,354, a savings 

of approximately $75,551. 

3 .  The adoption of a sample meter t e s t i n g  plan w i l l  not 

diminish the l eve l  of accuracy of the meters o r  t h e  quality of 

service to the  consumers. 

4. The adoption of E sample meter t e s t i n g  plan as proposed 

by South Kentucky i s  i n  the publ ic  i n t e r e s t  and should be granted. 

IT IS THEREFORE ORDERED t h a t  South Kentucky be and i t  hereby 

is granted permLssion t o  adopt t h e  sample meter t e s t i n g  plan de- 

scribed i n  exh ib i t  I of the appl icat ion and which is attached as 

an Appendix to t h i s  Order. 

IT IS FURTHER ORDERED t h a t  South Kentucky s h a l l  have the  

per iodic  meter t e s t i n g  plan on schedule before i n i t i a t i n g '  the 

sample meter t e s t i n g  plan.  

IT IS FURTHER ORDERED t ha t  South Kentucky shall continue 

to test meters i n  accordance w i t h  the  requirements of 807 UP. 

5 : 0 0 6 ,  Section 19, and 807 KAR 5 : 0 4 1 ,  Section 15(3). 

IT IS FURTHER ORDEEUID that  South Kentucky shall make 8n 

annual report  to the Coamission showing the results of the 

sample meter tes t ingplan  i n  addi t ion t o  the quar te r ly  meter tes t  

repor t s  which are now required. 
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Done at Frankfort, Kentucky, t h i s  18th day of August, 1982. 

PUBLIC SERVICE COMMISSION 

Vite Chairma 

o m  T+P ss oner 

ATTEST : 

Secretary 



APPENDIX TO 
CASE NO, 8536 



STATISTICAL 

SAYPLE TESTING PLAN FOR SISGLE PEASE 

ELECTRIC METERS 



I n  cons ide r ing  a sample t e s t i n g  plan f o r  s i n g l e  7has.e e l e c t r i c  

wat t -hour  Deters  i n  Kentucky, some f a c t o r s  o t h e r  t han  p u r e l y  s t a t i s t i c a l  

must be  taken i n t o  account.  S p e c i f i c a l l y ,  t h e  requirements  of the Pub l i c  

Service Conmission r u l e s  must be integrated into t h e  p l a n  t o  insure com- 

p l i a n c e  w i t h  the rules as well as t o  provide a p lan  which w i l l  be 

s ta t i s t ica l ly  sound, economical, and e f f ec t ive  i n  p rov id ing  the necessary 

s t anda rds  of service t o  the customer. 

I n  p a r t i c u l a r  t h e  rules state: 

1) Periodic smnpling p l a n s  apply  o n l y  to  s i n g l e  phase meters. 

2)  No m e t e r  nay remain i n  service wi thou t  testing longer  than 

25 yea r s .  

All meters mus t  be t e s t e d  at  507. poxer f z c t o r  when tested 

in  t h e  shop where facilities for t h l s  t e s t  are a v a i l a b l e .  

3)  
-. 

L) The overal l  accuracy of  meters f o r  refund an? back b i l l i n g  

purposes is obta ined  by averaging t h e  percent  accuracy a t  

f u l l  load  s n d  l i g h t  load. 

Obviously, t h e s e  and o t h e r  Commission r u l e s  vi11 heve some Plffect 

on t h e  n a t u r e  of the saiipling p l a n .  i .e . :  

Provision nuclber 4: While averaging  t h e  full load (h) znd l i g h t  

load (LL) a c c u r a c i e s  is permit ted and v a l i d  i n  t e r n s  of refunding and 

back b i l l i n g ,  i t s  use  exc lus ive ly  ..n s t a t i s t i c a l  e v z l c a t i o n  of test  d a t a  

will obscure much informat ion  about m e t e r  pe r fo r sance  under d i f f e r e n t  

load conditions. Various kinds of meters e x h i b i t  marked v a r i a t i o n s  i n  

r e g i s t r a t i o n  p a r t i c u l a r l y  at  l i g h t  load.  Therefore i: is considered de- 

sirable t o  plot and eva lua te  data at  f u l l  l o r d ,  l i g h t  load m d  average 

load. 



Provision n u r h e r  2 :  South Kentucky proposes to t e s t ' . a s  a sarnplej? 

2;; of t h e  s i n g l e  phase se l f - con ta ined  meters  on a c t i v e  accounts  i n  each 

group (no t  less than  50 meters).  These mete r s  w i l l  cone f r m  meters  t h a t  

have been on accounts i n  excess of 7 yea r s .  

The r e s u l t s  of thts  sample would then be app l i ed  to t h e  t a b l e  

(sect ion 16 paragraph (4) (a) )  to determine t h e  number of meters  in 

a d d i t i o n  t o  the  sample t o  b e  taken from t h o s e  meters i n  each group longest 

i n  s e r v i c e  (our i n t e n t i o n  is  t o  tes t  a minimum of 4%). 

This  .would allow South Kentucky to  t e s t  more of t h e  me te r s  tha t  hsve 

been i n  s e r v i c e  longes t  than if we pu l l ed  a &7! scttrple. 

Example: 47. of 35,000 * 1400 meters  to b e  drawn a t  random from 
all meters i n  s e r v i c e  i n  excess  of 7 years. 2Y.of 
35,000 = 700 meters  ( s a m p l e )  t o  be dra-;n at random 
f rm a l l  meters i n  s e r v i c e  in excess of 7 yezrs G i t h  
2 6  (700) t o  be drawn from t hose  m e t e r s  i n  s e r v i c e  the 
longest .  

We feel t h a t  t h i s  plan would keep our meters i n  b e t t e r  c o n d i t i o n  due t o  t h e  

percentage being pu l l ed  frm those  i n  s e r v i c e  l o n g e s t .  

Most sampling plans which are considered i n  r ega rd  t o  meters are 

based on the  Gaussizn o r  "nomal" d i s t r i b u t i o n .  The s t a t i s t i c s  de r ived  
- 

frm the curve ,  i.e. X '?$ar-X", and "sigma", O-once known, completely 

desc r ibe  the  curve.  I n  o t h e r  words, i f ) i  and signa a r e  known t h e  cuzve 

can be reproduced. X i s  t h e  a r i t h m e t i c  nean ,  and s i p a  is t h e  s t anda rd  

devia t ion .  The f l r o t  is a measure of c e n t r a l  tendency and t h e  later 18 a 

- 

measure of t h e  d i s p e r s i o n  of the d a t a  about the mean. 

I n  o r d e r  for t h e s e  s t a t i s t i c s  t o  be v a l i d  and u s e f u l  the  populat ion 

under c o n s i d e r a t i o n  and/or t he  sample drzr;n from t h a t  popu la t ion  m u s t  

d i s t r i b u t e  n o c . a l l y .  For exasr.?le, because e- is a n a t h m a t i c a l  func t ion  



of t h e  normal curve ,  p r e c i s e l y  68.26?* or' the itms comgri,sing t h e  dis- 

t r ib r r t ion  will be contained i n  k one 0' t f C .  

If t h e  i t e m s  do not d F s t r i b u t e  normally, an e r r o r  o r  u n c e r t a i n t y  

w i l l  be in t roduced ,  t h e  nagni tode  of which w i l l  depend on t h e  degree of 

nonconfomi ty  of t h e  data from the nonnel d l r t r i b u t i o n .  

f f  t h e  popula t ion  Ls homogeneous, where t h e  q u a n t i t y  measured i s  

a cont inuous v a r i a b l e  and occurs  randomly, and where t h e  sample is  se- 

lected randomly, t h e  sample  w i l l  d i s t r i b u t e  approximately normal, with 

better and better approximations as t h e  s g a p l e  s i z e  inc reases .  

o a t t h o u r  m e t e r s  of different age, manufac turer ,  b e a t i n g  systems,  retarding 

magnets, e t c . ,  are grouped together €or purposes  of  s anp le  t e s t i n g  the 

group may no longer  be s u f f i c i e n t l y  hmogeneous t o  produce d i s t r i b u t i o n s  

f o r  which); and CY- are meaningful. 

But when 

The experience of sme u t i l i t i e s  u s i n g  sample t e s t i n g  has been t o  

get mult tnodal ,  and p a r t i c u l a r l y  bimodal distributions. (figure 1) Also, 

s m e  d i s t r i b u t i o n s  p a r t i c u l a r l y  on l i g h t  load t e s t s  bear no resenblence 

whatever to the n o m a 1  curve. 

Tine ques t ion  to be answered i s  what i s  a good enough approximation of 

the  n o m a 1  d i s t r i b u t i o n  to j u s t i f y  the u s e  of i t s  stat is t ics .  This ques t ion  

must be reso lved  by t h e  users of the  sampling plan as t h e  s i t u a t i o n s  occur.  

h%en these s i t u a t i o n s  occur t h e  u s e r  must be aware of t h e  l i m i t a t i o n s  of t h e  

infomation der ived ,  and he should a t tempt  t o  determine t h e  cause.  

The sample  should be drawn randomly. That is, each meter  in t h e  group 

For 8 given  year the sample rhookl have an equal chance of being s e l e c t e d .  

should be wi thout  replacemnt .  I n  rubreaucnt yearr the r m p l e  should n o t  

include sng n c t e r s  which have been t e s t e d  i n  t h e  previous seven years. 
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The r e l i a b i l i t y  of noma1 curve s t a t i s t i c s  $,gins dininish  

at about sample size 200 (or below) and is gene ra l ly  considered too low 

a t  sample size 30. Consequently 30 should be t h e  minimum s a m p l e  s i z e .  

Below t h i s  number o t h e r  s t a t r s t i c a l  techniques are employed. 

I n  consideration of t h e  preceedkng arguments t h e  fo l lowing  sranple 

testing procedure I s  presented:  

Dlvide s i n g l e  phase meters i n t o  groups (usually five) 

according t o  d i f f e r e n c e s  i n  o p e r a t i n g  c h a r a c t e r i s t i c s ,  

beating systems, compensations, e t c .  

Randmly select  29. of each group (min ima  of SO). ElLmtnate 

from t h e  sample any nonreg f s t e r ing  Deters and replace. 

T e s t  selected meters a t  LL, FL 2nd 50% power fac tor  when 

a p p l i c z b l e  (50% P.F. t e s t  w i l l  not be used i n  c z l c u l a t i o n s ) .  

P l o t  on separate tally s h e e t s ,  Ez, LL, and average  of the tuo. 

(Xote gene ra l  shape of the d i s t r i b u t i o n )  

Compute sample mean and standard deviation fo r  each of the above 

d i s t rLbu t ions .  

(Perform the follok-ing operations only on t h e  d i s t r i b u t i o n  

for the awerase of FL and LL) 

Ste.nlardize variables (so standarc! norr.al curve t a b l e s  nap be 

used).  This is performed as foilovs: 

The a l l m a b l e  e r r o r  for meters i s  f2%, so +2% is t he .uppe r  

l l m f t  ( 0 )  8nd -27. is the lower limit (L). Then t h e  s tandard ized  

v a r f e b l c s  arc 2, f o r  upper 8nd 2,- for lower. 

E , =  u - x  r 2 - X  
0 0 



7) fmter table 1 page ( 7 )  with 2 = Eu and read the.percentage 

of meters faster than +2%. 

' In ter  table 1 again w i t h  2 9 23, and read the percentage of 

meters slower than -27.. 

These two values are added together. h e y  will bot% either 

be posit ive or zero. 

of meters in the group outside the l L m i t s  of L 2 Z .  

This fs the estimate of the percentage 

807 YA R S*'9,4/ E SECZ J 6 
8)  Refer to  the table in PSC- ..& . to determine 

if additional me:ers in t h e  group m u s t  be tested. (see:table 2, 

Page 8 )  

.. 
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Percent of Neters Within 

Limits of 2X Fast or Slow 

(Indicated by Sample)* 

99 .o 
98.0 

97.0 

96 .O 

95.0 

93.0 

91.0 

Less than 

100.0 

.98.9 

97.9 

96 .9  

95.9 

94.9 

92.9 

91  .o 

Percentage of Meters 

t o  be Tested  Annually 

2 

4 

6 

8 

10 . 

12 

14 

16 



f -  

Example of Distribution Tables, 

Computation of X a n d  0-, and use  

of T a b l e s  I and 11. 
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Use of Tables I and 11 

From the computations for average load, from the previous page. - 
X * - e 3 1 6  =-.32 

6' .322 c.32 

Standardlze variables: 

(round off using standard round of rule, or interpolate) 

Enter table I with Z =.7.2. Table only extends to Z 3.9: so value 

for Z = 7 . 2  is zero. 

The s e e  is true for 2 = 5 .2 .  Consequently a l l  meters are within the 

l f m L t s  of 227. and no addittonal meters m s t  be tested. 

Suppose 2, had been 1 .4  

and 2, had been 1.7 

Then from Table I, t h e  value for 2, = 8.087. 

ZL 4.46% 

Adding these gives  a total  of 12.547.. Going to ';able XI i t  is 

seen that 167. of the meters i n  the group must be tested. 



Method of Computing Confidence 

lntervals f o r y a n d  6 
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CONFIDEXE ILTERI'XLS 

Since  t h e y  and 6 of a sample which i s  drzkn from a popula t ion  

a r e  seldcnn e x a c t l y  t h e  same as the mean and standard d e v i a t i o n  of t h e  

popula t ion ,  i t  is very h e l p f u l  t o  be  a b l e  t o  apply s m e  t e s t  t o  d e t e r -  

mine how much i n  error they  are l i k e l y  t o  be. 

This can be achieved by means of conf idence  intervals.  The 

confidence interval provides  a range o f  v a l u e s  withLn whfch you have a 

c e r t a i n  p r o b a b i l s t y  (confidence Level) that t h e  t r u e  popu la t ion  s t a t i s t i c s  

w i l l  lie. 

Any confidence l e v e l  for the Confidence i n t e r v a l  may be computed, 

but t he  957. confidence l e v e l  i s  very f r e q u e n t l y  used. For a 957. con- 

f idence  l e v e l ,  t h e  confidence i n t e r v a l s  f o r y  and 6 are found from t h e  

following formulas : 

Where N is t h e  sample s i ze .  

Using a confidence i n t e r v a l  only s l i g h t l y  l a r g e r ,  95.44% i n s t e a d  of  95Z, 

permits  the u s e  of a f a c t o r  of 2 i n s t e a d  of 1.96 i n  t h e  above formulas ,  

thus s impl i fy ing  t h e  math. 



I -  

, 
Then : 

I rr/ for a 95.443 = 952 confidence interval f o r y  and C , the equations 

30_ m 
Example: N - 100 - 

z 
X * -25 

Which means that you can be approximately 95% sure that the.  true 

population mean i s  between .19 and .31. 
30 d o  = .30& = a 3 0 2 3  JG 

*- 
l 9 *  I* 

- - .30 _t .oq 
Uhich mems that you can be approximately 95% sure that the true 

population standard deviation is  between -26 Hnd .34.  


